Professor: Carey Nachenberg 
E-mail: climberkip@gmail.com 


Class details: Franz 1178 - T/R 4-6pm 
Office hours: 4760 Boelter 
Tuesdays 2-3pm 
Thursdays 2:45-3:45pm 


My Office: Eng VI, 299 


o and Enrollmen’ ay 


For questions on PTEs and enrollment - hold 
tight and check the class website daily for 
updates! 


In general, you may attend any 
lecture/discussion you like, regardless of your 
enrollment. 


Homework, Projects, and Exams are identical 
across lectures! 


Who Am I? 


Carey Nachenberg 


Age: 51 
School: BS+MS in CS, UCLA 
"95 


Work: Adjunct Prof at UCLA 


Hobbies: Rock climbing, 
weight training, 
playing w/my puppy, 
teaching CS! 


My goal: To make an impact on 


your life (through 
getting you excited 


What You'll Learn in CS32 


aaa Advanced C++ Topics 
Sr Oriented Programming 
Sy 


-and C++ language features 


Data Structures 
een The most useful data 


“Foes structures (e.g., lists, 


Algorithms trees, hash tables) 


CAREN The most useful 
=) Walgorithms (e.g., 
sorting, searching) 


(a Building Big Programs 
=W- How to write large 
e @rograms (1000+ lines) 


Basically, once you complete el 
CS32, you'll know 95% of what Æ 


you need to succeed in industry! -ON 


Official Class Website 


http://www.cs.ucla.edu/classes/winter23/cs32 


The class website has the syllabus, grading policy, 
academic integrity agreement and assignments/deadlines. 


Warning: | will not always announce homework/projects so 
you . 
have to track this on your own and be on top of the 
trash*! 


* Being on top of 
the trash means 
being ++ 
responsible**., 


** If you’re not 
responsible, you 
could get rekt. 


The Syllabus... 


| Know you won't read it... 


ACADEMIC 


Academic 
integrity (he 3 
agreement Curving and 
grading 
policy 
Visual IN 
Studio ia a 
Testing your 
' code w/ 2 
ee different 
hours 


compilers 


but. 


ast DU E 


[past Dut 
Tete 


Submission 
policy 


= 


KEEP 
CALM 


AND 
TURN IN 
YOUR WORK 


Deadlines for 
all hw/projects 


Taking Notes In pal 


an. 


Many folks are used to taking 
detailed notes in class. 


But... that's tough with my lectures 
because | show tons of code examples. 


So it's difficult to write everything down and 
follow the lectures at the same time. 


So... if you're someone that likes to take notes, | 


Download and print my | SD a (euler course 


lecture PDFs, and take ge EPARäT Westwood 
notes on them. | 


21 er ge Ben 


Important Dates 


Project #1: Due Wed, Jan 18 (next Wed!) 


alè Midterm #1: Mon, Feb 6th 


na pm-7:30pm (not during class hours!!) 


Final Exam: Sat, March 18th 
11:30am-2:30pm 


[his is the Saturday BEFORE Finals Week. Don’t forget!) 


Project #1: Due NEXT WED! 


In Pl, you have to add a few features to 
a C++ program that we provide. 


% of your total 
grade! 


It's worth exactly 


It's mostly for you to evaluate how 
ready you are for CS32. 


If you find it difficult, | strongly 
encourage you to do a bit more 
prep and take the class in spring. [] 


Participate for Prizes! 


(Who says bribery doesn’t work) 


lIl be giving raffle tickets out for 
asking relevant questions and 
answering challenge problems. 


We'll have a prize raffle on the last day of class! 


And an ice cream party, if our 
| class beats Smallberg's 
@ medians on BOTH midterms. 


Carey’s Thoughts on 


T will not show off by asking advanced questions during lecture. 
T will not show off by asking advanced questions during lecture. 
I will not show off by asking advanced questions during lecture. 
Twill not show off by asking advanced questions during lecture. 
Twill not show off by asking advanced questions during lecture. 
T will not show off by asking advanced questions during lect 


I will not show off by asking advanced questions during lect @ 
T will not show off by asking advanced questions during lect I 
T will not show off by asking advanced questions during lect 
I will not show off by asking advanced questions during ye 
I will not show off by asking advanced questions during ` 


en 


to answer advanced questions mM 


Carey’s Thoughts on CS 


Some people just “get” Others need to work 
programming... nd hours on it... 


but ‘first I need 
the source code 


Don’t freak out if you’re in the latter camp. 


If you enjoy coding... don’t give up, don’t worry 
about your grade, Just practice and practice and 
practice. 

There’s nothing more important than grit when it 
comes to programming. 


Questions? Bring Em On! 


Alright, bring on those questions! 


HAVE A‘ 


Obfuscated C Programming Contest: 
What Does it Do? 


Answer: A maze solver! Given a file, it will 


#include<stdio.h> 


#include<stdLib.h> find a path from the @ to the exclamation 
#in <unistd.h> ‘ 

a Be 00 

//@ // 


char _int[]=137,99,0,10,0,71,111, 111,100,98,121,101,32,58,45,41,10,0,27,91, 72, 

27, 91,74,0,27,91,37,100,59,37, 100,72,0,27,91,37,100,109,0,0,0,-30,-108, -125,0,- 
30, -108,-127,0,-30,-108,-109,0, -30,-108,-113,0,-30,-108,-101,0,-30,-108, -105,0, 
33, 0x20,0,0,0,0,0,0,0,0,0,0,0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 ,0,0,0,0 


,0,0 ,0,0,0};main(){void* y3=stdout, *s0=stdin, *(*mv) (size t)=& malloc;int qq_,*hh, 
qf,(*g4) (void*)=&fflush, (* zl)(const char*,...)=&printf, (*p0) (int)= &putchar,c=0, 
i,dd,sz,h ,s,e,pr,*trundle,* vp5,*nqd,oo[10];char*p5;goto cow;pic:g4(y3 ); sz=dd*h; 
hh=mv ( sizeof(int)*sz); z1(_int+18);goto china; tokyo: ;if(qq == qf) goto ten ;c=hh [ 
qq ++]; oo[0]=dd;o0[1]=h;00 [2]=c%dd;00[3]=c/dd;00[4]=0; tint x= 00[2], y=00[3] ,dd=* 
00,h= oo[ll],i=x+y*dd;if(x+ 1<dd&&(p5li+1]==32| |p5[i+1]==33)) oo[5+00[4]++ ]J=i+l;if( 
x-1> -18&&(p5[i-1]== int[66] ||p5li-1]== int[67]))chew: oo [5+00[4]++]=1 -1;if (y+1<h 
&&p5 [itdd]== int[67]||p5[i +dd]== int[66])oo[5+o00[4]++]= i+ dd;if(y-1>-1&& p5li-dd] 
== int [67] ||p5[i-dd]J== int [66] )chun:oo[5+00[4] ++]=i -dd;}if(c&l?nqd [c]:vp5[c] ) 
goto tokyo;wow:;if(oo[4]-- <=0) goto chin;i=oo[5+t0o [4]]; if((i&1l?vp5lil: ngd[i])== 
){ trundle[i]=c;usleep( 25000) ;g4(y3);z1(_ int+34 ,_int[ 67]);z1(_int+25, 1+i/dd, 1+i% 


dd); p0(88);if(i==e)goto z; i&1?(vp5 [il=1):(nqd[i] =1);hh[ qf++]=i;}goto wow; chin:c 
&1?( nqd[c]=1):(vp5[c]=1); goto tokyo; z:;zl( int+34, 36);z1( _int+25,1+e/ dd, 1+e%dd) 


;po( 33) ;tww:;if(trundle [i]J==s)goto ten;i=trundle [il]; usleep(50000) ;z1( _int+34,35 

);zl( _int+25,1+i/dd, 1+1%dd);p0(47) ;g4(y3);z1( _int+34 ‚33);zl( int +25,1 + s/dd,1+s% 
dd) ;p0 (95) ;goto tww;ten:;zl( int +25,h+3,1); g4(y3); goto pio; COW:; {int c=0;s=e=- 
1 

‚char** strs=mv (1000) ,d;h=0;for(; h<1000;){ char*s= mv(512);if (fgets (s, 512, s0) 


| | 

feof(s0)) { dd= strlen(s)>dd?strlen( s):dd; strs[h]= s;ht=1l1;if (feof(s0 ) &&(h- - | 
1) )goto 

tau;}else goto ten; }tau:p5=mv(dd*h) ; for( int i=0; i<dd*h;i +=1)p5[i] =040;for (int i 


=0;i<h;i ++){ memcpy(p5+i*dd,strs[i], strlen( strs[i]l)) ;for(int q=0; 
((d=strs[i][q]) 

| | 1) &&q<dd&&( (d== 64?s=1*dd+q:d==33?e=1 *dd+q:d== 10?p5 [i*dd+ql= 040:13) | |1) ;q+ 
I 


if (s==-1||e==-1)goto ten; foster I Kar 175 r++){z1(_int+ 25,1+(r 
/dd), lére odd) ;pO(p5[r]);} rea AN Si int)*sz) ;vp5=mv (sizeof (int)*sz); nqd = // 


Alright... Enough administration! 


Let’s learn about... 


Algorithms Data Structures 


What is an Algorithm 


@ An algorithm is a set of 
instructions/steps 
that solves a particular ED 4 
Each algorithm operates Eu 
on input data. YO 6 
735 
Each algorithm produces 
an output result. 


Each algorithm can be classified by 
how long it takes to run on a particular input % 


_s 


:ach algorithm can be classified by 
the quality of its results. 


Algorithm Comparison 
“Guess My Word” 


Let’s say you’re building a word guessing game. 


The user secretly 
picks a random word 
from the dictionary. 


Our program then must 
discover the word the user 
picked as quickly as possible. 


Let’s consider two different algorithms... 


Algorithm #1: Linear Search 


_et’s try a simple algorithm 


1. Ask the user to think of a random word 
2. Start at the first word in the dictionary 


3. While we haven’t found the user’s word 


a. Ask: “Is that your word?” 
b. If not, advance to the next word 


Question: If there are 
in our dictionary, on 
average, how many guesses will 
our algorithm require? 


Ok, let’s try it. 


graphic 

C : a speech 

raphic a 2: the tone A 

for forreproducing the letter 

e first in 

E aia ae ee a student's 

e r or in. quality b zone graded or 
f | Ost ted WERE 6: something shaped like 


ah letter 

— 2a No. (VAN indefinite article [ME, fr. OE 
n one — more at ONE] 1 — used asa function 
ins when the individual in question is un- 
d) and before number collectives and 
j. ning with a 
gth) b: oe same 

ANY <a man whois sick can’t work) 4 

in, to, or for each (twice a week) 

a-, an, on] chiefly dial 3 ON, IN, AT 
of have] archaic : HAVE (God ~ mercy) 

.] archaic : OF <the time ~ day) 
lion t (abed) 2 : in (euch) a 
(eam a manner (aloud) & tin 
more at UN-]: not : without 
Bek than A and sometimes even 
fore h Canistorical <anastig- 

1a] OXIDE (thoria) 
fr. Afrik aard earth + vark 
\frican mammal (Orycteropus 
tensile tongue, powerfui 
on ants and termit: 
J]: a maned striped 
eastern Alrica th 


‘on carrion and insects 
fr. Heb Ahdron} : a 


ie poring oin Aaron 
r order of priesthoo 
ee 
in the Jewish calendar 
j ab, a — more 
cti 
from the hair of camels 
Fo orn by Arabs 
ta fiber ób- 
mate} to the 


THUSIASM, EXUBERAN 3 
aban-doned \o-'ban-dond\ adj: = wholly | ea restratot 
moral restraint 
à bas \ä-'bä\ [F] : down with 
abase N Da wrote: ane fr. ey abet ate fr. a- (fr. L ad-) 
{assum ssiare to lower $ LOWER, 
? DEGRADE, HUMBLE — abase-ment \-'bä-smant\ m 
SYN DEMEAN, DEBASE, DEGRADE, HUMILIATE ABASE suggests 
or voluntarily yielding up dignity or prestige: DEMEAN ies si 
or injuring social standing by an unsuitable act or association; 
DEBASE implies a deterioration of moral standards or character: 
DEGRADE suggests the taking of a step downward sometimes in rank 
but more often on the road to moral iceeeneralioas ‘HUMILIATE im- 
Plies the severe wounding of one's pride and the causing of deep: 


shame N 
a a TE 

wn — more 

-posse “self-confidence 


abat-er n 
SYN SUBSIDE, WANE, EBB: ABATE stresses the idea of progressive 
diminishing (winds are abating) SUBSIDE ples the ceasing of tur- 
bulence or agitation (after the pane had si idee WANE, nd 
the fading or weakening of something good or im] 
enthusiasm) EBB suggests the receding of something, that SEG id 
comes and goes <ebbing Nele syn see in addition DECREASE 
abate-ment \o-'bat-mont\ n 1: the act BEER of abating : the 
state of being abated 2:an avout abated; esp : a deduction from 
fie tat full apa z Ai a PA dike 
ab-a-tis \'ab-o-,t8, 'ab-at-as pala „tis \-2-,tēz\ or ab-a. 
\-ot-0-saz\ [F, fr. abattre] : a defensive obstacle formed by Yelled 
trees with sharpened branches facing the enemy 
A battery battery used to heat the filaments or cathode heaters 
of electron tubes 
ab.at-toir \'ab-o-,twiir\ n [F, fr. abattre] : SLAUGHTERHOUSE 
ab-ax.i.al \(')a-'bak-sē-al\ adj : situated out of or directed away 
from the Kur 
ab.ba.cy \'ab-o-sE\ n [ME abbatie, fr. LL abbatia] : the office, 
A rs, Or term of tenure of an abbot 
as: ‚9-'bas-, n ; a member of a d; ‚of caliphs 
1288) claiming descent from Abbas RS of Mu- 


sae \>-'bä-shal, a-\ adj : of or relating to an abbot, abbess, 


Algorithm #2: Binary Search 


Alright, for our second strategy let’s try a more 
intelligent approach called binary search: 


1. Print: "Think of a random word" 
2. While we haven’t found the word: 
a. Pick the middle word in the dictionar 
b. Ask: “Does your word come before or 
after that word?” 


c. If their word comes before, throw 


away 
the 2rd half of the dictionary 
d. If their word comes after, throw away 


Question: If there are 100,000 total words in our dictionary, on 
average, how many guesses will our Binary Search algorithm 
require? 

Ok, let’s try it. 


Binary Search: How Many 
Guesses? 


We keep on dividing our search area in 
half until we finally arrive at our word. 


In the worst case, we 
must keep halving 
our search area until 
it contains just a 
single word - our 


W O rd | | “BOOZE. Kide BOWSE. u E 
If our dictionary had 16 words, how many times would we 


need to halve it until we have just one word left? 


168 4 2 1 lt would take 4 steps 


Ok, what if our dictionary had 131,072 words? 
13107265536 32768 163848192 4096 2048 1024512 256128 6432168 4 2 1 


It would take just 17 steps!!! WOW! 


Wow! That’s Significant! 


Linear search requires ~50,000 steps to 
guess a word from a 100k word dictionary. 


But our binary search algorithm requires just 17 
steps, on average, to guess the user’s secret 


WOW 
In CS32, you'll learn: 
all the major algorithms, 


how to analyze them, and 
how to pick the best one 


And now for a fun game! 


(mn i 1. : 


> Programmin 
Jaage Ventor 


> Sevial killey 


Is this guy a programming language inventor... ora 


Killed 8 women in London, was arrested after new tenants tracing an unpleasant odor peeled off the kitchen wallpaper to reveal a 
corpse. 


Data Structures 


@ A data structure is the set of variable(s) 
that an algorithm uses to solve a problem. 


Let's consider a data structure to efficiently store 
millions of DNA sequences so they can be 


DNA is made up of four bases: 
Adenine, Cytosine, Guanine and Thymine 


A Data Structure For DNA 


If | wanted to store millions of bacterial DNA 
sequences, each with 10 bases: 


atggacatct 
acattaacga 
Caccctcacc 
accgtagaat 
Caccccagct 


Caccgaaatt 
Corynebacteriu 
m diphtheriae 


What simple data structure might | 


A Data Structure For DNA 


Right! You could use a sorted array of strings! 
string dna_seq[10000000]; 


dna seq 


@ 
[2 Jatggacatct 


Not bad. Given a new sequence, | could use binary 
search to determine if its is held in our data structure. 


A Data Structure For DNA 


Are there any drawbacks of the array data structure? 


Q 
atggacatct 


Right! If we wanted to add even one new sequence, 
we'd have to move millions of items, and that'd be slow. 


A Data Structure For DNA 


Are there any other drawbacks of the array data 
structure? 


dna seq 


@ 
[2 Jatggacatct 


Right! Arrays have a fixed capacity, so we're limited in 
how many DNA sequences we can add! 


A Better Data Structure for DNA 
Instead of an array, let's use a Trie data 


a _ structure. . 
A Trie is just like a balanced mobile. 


Let's see! 


A TH EDNA 
Imagine each DNA A] pp | a 


sequence dangling from 
ten linked chains. 


Now imagine a hanging 
bar with four hooks, a oe me 
one hook for A, one for 

C, one for G and one 
for T. Er un u a 


Starting with the first 

base of the sequence, -u | ug | m: 
hang its chain from nn 
the proper hook... 


Add a new bar under 
the chain. 


Repeat for all bases. 


atggacatct 


En a — Bas naa ~~~  - o u i 


Ok, let's add a second aacacgacta 


DNA sequence! | n | J_b 


If we already have a E 
chain hanging inthe ~ 
right spot, we can just " 


Now, to search a 
use it. oe 


sequence is in our Trie, 
we just start at tHe top 
and follow the a ii 

Is "agahtacatigin 


our Trie? 


@ 
= 
ee 
= 
= 
Da o anan — na — na o ndi.. i 


Enough analogies with chains! 


Here's what our Trie 
might look like in RAM 
with real data 


structures. 


A Trie for DNA 


m. 


ren eo 
innalana 


And it goes without saying 
that we'll need algorithms to 


process our data structure 


N st 
Trie 
for 

l. 
ifi 


c 
} 


eee 
void Trie::ins_helper(string key) { 
peak frana tha rant nada 


bool Trie::src_primitive(string key) { 


1 


bool Trie::del_nodes(Trie*& curr, string key) 


m return if Trie is empt: 
if (curr == nullptr) { return false; } 

// if the end of the key is not reached 

ee gth()) t 
if (curr != nullptr && 
curr->character[key[0]] != nullptr && 
deletion(curr->character[key[0]], 

ae ay 
& curr->isLeaf == false) 


{ 
if (!haveChildren(curr)) 


A Trie for DNA 


Question: 
If each sequence is ten 
bases long, how many 
C 


total levels deep is our 
Trie? 


Answer: 
At most ten 
levels deep! 
lass m 


édaap sjans}] Auew MOH 


A Trie for DNA 


Question: 
How many steps 
would it take to 


find if a DNA 
sequence is held 


in our Trie? 
a C 


Answer: 
enen E At most ten steps! 
C 
a 


C 


t 
g 


| annn maaa 


a c 


A Trie for DNA 


Question: 


If we had to adda 
new DNA Answer: 
sequence, how At most ten steps! 
many means would 


re a s 
Tnunalape 


Sorted Array vs. Trie 


Data Structures 


As we can see, the right data structure can 
make your algorithms far more efficient! 


beter 


So in CS32, we'll also learn all of the 
most efficient data structures! 


VALA SLIUCLU 


Without having to understand 
As we've seen, yourda any of the confusing details! 


can get tune 


Such a collection of simple 
functions is called an 
“interface.” 


If you gave your code-te ner programmer F 
they would have no idea how to use it! 


BER 


— ih 


So it always 


An interface lets any 
programmer use your code... 


int main() 


addSequence("ta2 ; 
if (findSequence(“gcgttaacac”) == true) 


cout << “This is a known DNA snippet!\n”; 


The Abstract Data Type (ADT) 


In CS, we call a coordinated group of 
structures, algorithms and 
an Abstract Data Type. 


Abstract Data Type (for DNA searching) 


bool findSequence(string 
sequence); 

void addSequence(string 
sequence); 

void deleteSequence(string 
sequence); 


In an ADT, the data structures and algorithms are secret. 


The ADT provides an interface (a simple set of functions) 
to enable the rest of the program to use it. 


Typically, we build programs from a collection of ADTs, each of 


ADTs in C++ 


In C++, we use classes to define ADTs in our programs! 
ach C++ class holds data structures, algorithms and interface functions 


o // A C++ DNA sequencer class... 
th // (this is really an ADT!) 


class DNADatabase 


int main() 


{ 


DNADatabase d; { 
er ’ m. Al public: 

= ee yoga) ); // our interface functions go here 
d.addSequence(“tcaggacata”); al aid findSequence(...): 


void addSequence(...); 


string dna_seq; The private: 

cout << "Enteya 10-base sequence} the} // secret algorithms go here 

cin >> dna_sqq; 

if (d.findSequence(dna_seq) == true) 
cout << "This bacteria is known!" 


// secret data structures go here 


}; 


int main() 
Now what if | wanted to improve 
my class’s implementation? 


d.addSequence(“d¥gagtcaca”); 


Let’s say | made a radical change 
d.addSequence(“tcaggacata”); 


to my data structures & 
algorithms... 
Would the user need to change 
any part of their program? 


string dna_seq; 


cout << "Enter a 10-base sequence} " 


cin >> dna_seq; No! Because these details are 


if (d.findSequence(dna_seq) == true) hidden from the rest of our code! 
cout << "This bacteria is known!" 


7 


Ca 


int main() 


{ 


DNADatabase d; This is a huge benefit of 


Abstract Data Types! 


d.addSequence(“gagagtcaca”); 


d.addSequence(“tcaggacata”); 
B We can break up our programs into 


small, self-contained ADTs... 
string dna_seq; 


,And combine these smaller parts 
together to solve bigger 
problems. 


cout << "Enter a 10-base sequence 
cin >> dna_ seq; 

if (d.findSequence(dna_seq) == true) 
cout << "This bacteria is known!" 


What is Object Oriented 


Programming? 

Object Oriented Programming (OOP) is 
Simply a programming model based on the 
Abstract Data Type (ADT) concept we just 
| learned! 


In OOP, programs are constructed 
from multiple self-contained 
classes. 


Each class holds a set of data 
structures and algorithms - we then 
access the class using a set of 
interface functions! 


Classes talk to each other only by using public interface 
functions - each class knows nothing about how the others 
work inside. 


Intermission Meme 


Where Great Ideas Come From 


| = 4 


u | Musicians 


G 


MEN Programmers | 


@codezinga 


C++ Class Review 


As we’ve seen, a “class” is a self- 
contained problem solver that 
contains: 


e Data structures 
e Algorithms 
e Interface functions 


Since you’ve probably forgotten 
everything about classes... 


Let’s do a quick review of 
classes by defining our own 
Nerd class! 


Defining a New Class 


class Nerd 


First, we write the outer shell 

Nerd(int stink, int 10) { of our class and give ita 
myStinkiness = stink; name. 
mylQ = IQ; Then we define our class’s 

public interface functions... 


public: 


void study(int hours) { 


myStinkiness += 3*hours; Then we define our class’s 
eS es private variables and 

a functions... 
ae +10, Our class defines an entirely 

myStinkiness: new data type, like int or float, 
return total_stink; that we can now use In our 

} program. 

private: Alert: Nerd is not a 
int myStinkiness, mylQ; variable! It’s a new C++ 


} data type! 


l4 


nerd.h 
class Nerd 


SI Using a New Class 
public: Once we define a new class, like 


Nerd(int stink, int IQ) Nerd, we can use it to define 


myStinkiness = stink; ~hles like any traditional data 
mylQ = IQ; 


You typically define each new class in 
its own .h file (“header file”) and put 
the file in the same folder as your .cpp 


} 

void study(int hours) { 
myStinkiness += 3*hours 
mylQ *= 1.01; 


To use your new Class, simply 
include its header file using 
“quotation marks”... 


int myStinkiness, mylQ; 
ucla.cpp 


Just as num_nerds is an 
#include “nerd.h— 


integer variable... ariables 
with it throughout your 


Int main() 


{ 
int num_nerds = 1; _— 
Nerd david(30,la0u,——_ 
david.study(10); 

} 


When we define a new 
object, we can specify 


} 
void en Faure) { 
myStinkiness += 2 hours 


nee Bana functions 
have access to david’s 
private member 


#include ‘| the constructor function inside 
int main() the variable CO ALG its a 
{ : Int’s, doubles) all start out 


with random values! 


erd david(30, 150): á 
your class! 


david.study (D0); 
} 


Other Details 


You use member variables to store 
permanent attributes of your class. 


Nerd(int stink, int IQ) { 
myStinkiness = stink; 
mylQ = IQ; 


T Stinkiness and IQ are 
int getStinkyLevel() { 


int total stink = mylQ $; inherent Sn of every 

+10 +4 ! 
myStinkiness; 

return total_stink; 


On the other hand, we 
use local variables for 
temporary computations. 


int main() 
{ 
int num_nerds = 1; 

Nerd david(30, 150); 


david.study(10); 


} 


That's It For Today! 


See you next class! 


